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The gradient less technique for determining the rate of ca- 


KE talytical reaction has more and more pushed out other tradi- 


tional methods for a longer time, To determine the reaction 
rate rotating reactors, in which the catalyst 1-84 is pla- 

GC ced, are most frequently used, as well as stirred gas reactors, 
© where the catalyst is stationary [5-10]. ` 


DETAILS OF THE REACTOR 


Many catalytic reactions take place at temperatures within 
600-900°C, An example of such a process |is steam reforming of 
methane. To carry out such a reaction both on pellets 20x20 mm, 
or on very fine catalyst particles, a reactor with internal 
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circulation has been constructed of acid ~ and heat - resist- 
“ant| steel. The scheme of the. reactor is presented in Fig. 1. 
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Fig. 1. The scheme of the reactor: A ~ the power transmission 
system, B - the head of the reactor, 1 = rotating shaft, 2 
gas nozzle, 3 ~ thermocouple shield, 4 - catalyst bed, 5 = 
heating coils, 6 - thermal insulation, 7 = duralism casing 


This instrument consists of two parts; the power transmis- 
sion system denoted by symbol A, and the reactor itself deno- 
ted by letter B. The head of the reactor 100 mm in internal 
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diameter has been designed in such a way that on its top wide 
part the chamber’ of the rotating shaft is located, in its 
bottom narrower part a heat-resistant wire’ net with | meshes 
| £ 0.1 mm on which catalyst is held, In the middle of the 
reactor head under the rotating shaft, feed — gas tubes con- 
sisting of three parts are located. Its upper part has a co- 
‘nical shape and covers the rotating shaft up. The middle 
e part forms the connecting piece between the conical element 
and the wire mesh with the catalyst and the lower part, which 
is affixed to the bottom of the reactor head and equipped 
with tubes allowing the gas to enter the centre of the agita- 
tor, The whole reactor head is placed in a furnace which con- 
sists of duralumin casing, asbestos lining and a heating ele- 
ment. The head with the furnace has been fitted to the power 
transmission part by means of six screws with nuts. Thightness 
between these elements has been obtained by using a ballistic 
closing. To impet the reactor a triphaser induction motor 
` with 2870 rpm. 0.6 kVA, has been used, The motor base has 
been separated from the rotating shaft which has been closed 
in a pipe connected with the whole instrument. The coiling 
4 of the motor base has been cooled with air. 
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RESULTS AND DISCUSSION 

In order to check the gradientlessness of the reactor, some 
tests were carried out. Temperature distribution was|meas= 
ured inside the reactor chamber in hydrogen and nitrogen at- 
mosphere, in the temperature range 380-8500. The temperature 
profile in the vertical axis of the reactor chamber fot the 
temperatures chosen is presented in Fig. 2, It was found that 
naxinal. temperature difference in the reaction zone is about 
«200 at the very beginning, and then a constant value is ob- 
‘tained on both sides of the! wire mosh containing a catalyst. 
As standard of gradientlessness, a kinetic test vas accepted, 
informing about the change in the reaction rate with: chat in 


the geometry of the catalyst bed, 
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Fig. 2. The temperature Bots. in the vertical axis. of the 
catalyst bed; 1 - 3809C; 2 = 560°C; 3 = 8500C 


According to the theory, a gradientless reactor should zał 
for a definite catalyst and reaction, at a given temperature 
and conversion degree, give the same. reaction rate regardless 
of the catalyst weight, i.e. bed geometry. The test were car- 
ried out in two reactions: steam reforming of methane and 
'methanation of carbon dioxide, In case of steam reforming 
of methane, the catalysts were reduced with hydrogen at 850°C 
for two hrs. Measurements of the reaction” rate always started 
at the highest temperature. The initial ratio of CH, /H,0 was 
1/3. The studies of carbon dioxide methanation were conduc= 
‘ted in the temperature range of 300-500°c, at a molar ratio 
of C0,/H as 1/4. In both cases the following method was used. 
Temperature dependences of the reaction rate as a function of 

the degree of methane or carbon dioxide conversion were meas= - 
ured. Fron the functions of reaction rate obtained from the 
degree of methane or carbon dioxide conversion at the given 
temperatures, temperature dependences of the reaction rate at 
a constant degree of methane or carbon dioxide conversion were’ 
plotted for | various catalyst weights. The way of calcula- 
ting the reaction rate and conversion degree of methane was 
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described in the paper [8]. The reaction products were analy- 
zed chromatographically. For the measurements Ni/MgAlL,0, ca- 
_talyst containing 8.6 % wgt of Ni, of total surface 1.4 nt 
_after reduction at 850°C, was used as catalyst. The measure - 
ments of reaction rate were performed on 1.2-2.0 mm grains. 
Fron the kinetic measurements carried out it can be seen 
that the change in the sample from 0.6980 to 2.5026 g does 
not change temperature dependence of the reaction rate of the 
methane steam reforming. + i 
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Fig. 3. The temperature dependence of the reaction rates of 
steam reforming of methane and methanation of carbon dioxide 
for the different catalyst bed geometry ( = 75 . Xc02 = 
= 65 %) steam reforming of methane: 1 ~ 0.6980 g, 2 - 122339. 
3 - 2.5026 g, methenation of CO2, 4 - 1.43431 g, 5 - 2.49680g, 
; 6 =- 3.50319g, 7 = 5.05954g 


174 $ Janusz Barcicki i wsp. : 


An analogical situation was obtained in methanation of car- 
bon dioxide. In this case the changes in the height of the ca- 
‘talyst bed were still higher fron 1.43431 to 3,5031 g. Measure- 
ments were also cerried out in this way that grains of &-Agoz 
support of the same size were added, so that the total. weight 
was 5.5954 g, which gave an about 10 am thick layer of the ca- 
talyst bed. 7 

As it appears from Fig. 3. the obtained results show a typi- 
cal dispersion caused only be inaccuracy in the measurements. 

It can be noted that in case of steam reforming of methane this 
dispersion is a little higher, because of considerably highe- 
temperatures of the process. From the studies which were carried 
out in can be concluded, that the constructed reactor satisfies 
the conditions of gradientlessness, and the technique applied 
to test the reactor is generally available and it reveals the 
possibilites of this reactor. ` t is 
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STRESZCZENIE 


Opisano reaktor er paged z wewnętrzną cyrkulacja ga- 
zów. Przedstawiono rozkład temperatur wewnątrz głowicy reakto- 
ra w atmosferze azotu i wodoru w zakresie temperatur 380-8509C, 

s 1 test reaktora polegajacy na pomiarach zależności 
szybkości reakcji od geometrii złoża katalizatora, Pomiary ki- 
netyczne przeprowadzono w dwu reakcjach: reformingu parowego 
metanu oraz autok | dwutlenku węgla, Badania wykazały, ze 
opracowany redktor całkowicie spełnia wymagania stawiane przez 
teorię i może być stosowany w szerokim zakresie temperatur oraz 
wymiarów ziarn katalizatora. - 
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B AuahROIH paóore onucaH Ce srpeauen run peaktTop C Büyrpennen 
nqupRyjannefi ra30B. IIpeACTABRGHO pesnokenne reuneparyp BHYTDM 
POJOBKU peaKTOPA B aTuocdepe 830T8 m BOTOpoia B npezene Teune- 
paryp 380-8500C. Oópa6oTrano TecT peaxTopa, CCHOBAHERH Ha usMe- 
penufx 3ABHCUMOCTH CKOPOCTM PeaKUMM OT TeoMeTPUM serpysku KATA- 
Nu38TOpa. MaM6H€HUM MPOBOAMNUCL B ABYX PeaKUMAX: NAPOBOTO pe- 
chopunnre MeTSHa u METAHUDOBAHUA YrueKucnOTH. HCCIEĄOBSHKA NOKA- 
Au, YTO Npe4CTABISHKKŻ peakrop BNOJIHE KCNHONHAET TeopeTuuecKue 
TpeÓOBAHKA u MORET Our NHDUMEHGH B MUDOKOM MHTEDBAJE renneparyp, 

38 Taxe pasmMepoB 36D€H KaTanusaTopa. 
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